This study assessed the cell viability of the inoculation vehicle of BACCOR (a combination of sulfate-reducing bacteria plus a culture media for bacteria), a biopharmaceutical product under development for dental use as aid in fractured endodontic file removal from the root canal. Different culture media for bacteria were evaluated: modified Postgate E (MCP-E mod), Modified Postgate E without Agar-agar (MCP-E w/Ag), Postgate C with Agar-agar (MCP-C Ag) and Postgate C without Agar-agar (MCP-C w/Ag). Cytotoxicity was quantified by the MTT test, exposing L929 and Vero cell lines to the vehicles over 24 h. The exposure of L929 cell line to MCP-E w/ Ag resulted in biocompatibility (52% cell viability), while the exposure of the Vero kidney line revealed only MCP-E mod as cytotoxic. When diluted, all the vehicles showed biocompatibility with both cell lines. MCP-E w/Ag was the vehicle chosen for BACCOR, because of its biocompatibility with the cells used.
INTRODUCTION
The last three decades have shown tremendous advances in the development of new biomaterials 1) . They can be used to replace or repair damaged and non-functional tissues, enabling new therapeutic strategies 2) . The material proposed in this study is BACCOR, a biopharmaceutical product under development for dental use as aid in fractured endodontic file removal from the root canal. The BACCOR is a combination of sulfate-reducing bacteria (microorganism with the ability to biocorrosion) and an inoculation vehicle (basic culture media for bacteria). Yet, it is difficult to classify BACCOR, because there are no reports in the literature on use-reducing bacteria as biopharmaceutical.
However, Aroztegui's definition 3) that "Biotechnology means any technological application that uses living biological and organic systems or its compounds to prepare or modify products or processes for a particular use" elucidates this issue. Biopharmaceutical products are within this vast field of application. They are defined as pharmaceutical products produced from materials of biological origin, such as microorganisms, human or animal organs, tissues, cells or fluids, or alternatively by a biological process involving the use of methodologies such as recombinant DNA 3) . The purpose of BACCOR biopharmaceutical is to prompt a microbiological corrosion in fractured endodontic files in root canal by the action biocorrosiva sulfate-reducing bacteria (SRB) inoculation associated with an appropriate vehicle. In order to obtain energy required to reduce sulfate to sulfide ion, SRB utilizes organic carbon as sources, such as lactate, pyruvate, ethanol, maleate, succinate, formate and some fatty acids. This reduction results in the generation of CO 2, sulfide, disulfide and hydrogen sulfide, as well as metabolic intermediate products (thiosulfates, tetrationatos, polythionate), which play an important role in the anaerobic corrosion of iron [4] [5] [6] [7] . The standard from the International Organization for Standardization 8) , specifies the use of these medical devices, advising biological planning to minimize the use of animal models during the design of the medical device and highlights the importance of defining the chemical, toxicological, physical, electric, morphologic and mechanical properties and characteristics of the material and/or its products 8) . In vitro cytotoxicity testing is the first step in the evaluation of a medical device, because it allows determining factors that might influence cell growth and tissue compatibility 1, 8, 9) . The standard ISO 10993-5 9) governs the use of in vitro cytotoxicity testing, defining the incubation time of cell cultures with the medical device, though direct contact, indirect contact and extract methods, sample proper preparation and scores cytotoxicity against the used cells 1, 8) . As initial stage in biopharmaceutical product development for dental use as aid in fractured endodontic file removal from the root canal, it is important to determine the cytotoxicity of the vehicles used for its inoculation. Therefore, the objective of this study was evaluating the cytotoxicity index (CI) of BACCOR's inoculation vehicle against L929 and Vero cell lines, a Initial cytotoxicity assays of media for sulfate-reducing bacteria: An endodontic biopharmaceutical product under development 
MATERIALS AND METHODS

Cell lines
Inoculation vehicles
There are some kinds of media for sulfate-reducing bacteria (SRB), however in the current study the media Postgate E was selected because it represents the basic culture media for SRB 6) . The media Postgate C is a variation of the media Postgate E.
The culture media modified Postgate E (MCP-E mod) and modified Postgate E without Agar-agar (MCP-E w/ Ag) had the following g/L composition (Postgate 1984 The media were prepared on a heating plate (IKA, C-MAG HS7) at 220°C, under constant stirring and nitrogen purging. The pH was adjusted to 7.6 with NaOH. At the end of the procedure all the media were autoclaved and stored at 4°C until use. The following test-compounds and control groups were prepared for the cytotoxicity assays: culture medium modified Postgate E without Agar-agar (MCP-E w/Ag) (1:2 and 1:1 diluted in DMEM high and pure sample); culture medium modified Postgate E (MCP-E mod) (1:2 and 1:1 diluted in DMEM high and pure sample); culture medium Postgate C without Agar-agar (MCP-C w/Ag) (1:2 and 1:1 diluted in DMEM high and pure sample); culture medium Postgate C with 4 g/L Agar-agar (MCP-C 4.0 g/L Ag) (1:2 and 1:1 diluted in DMEM high and pure sample); negative control: DMEM high supplemented with 5% FBS (DMEM 5% FBS); positive control: 0.5% hydrogen peroxide solution (0.5% H 2O2) and isopropanol (Isop) as blank.
Cytotoxicity assay 998051122
The L929 and Vero cell lines were cultured in monolayer in 96-well flat bottom culture plates, with DMEM (Dulbecco's modified Eagle's medium) culture medium supplemented with 5% fetal bovine serum (FBS), fungizone (antimycotic), L-glutamine (amino acid) and penicillin (antibiotic) over a 24-h incubation period in oven (ThermoLab) at 37°C and 5% carbon dioxide (CO 2) to resume exponential growth.
After the 24-h period, and after checking for the presence of a uniform cell monolayer and near confluence, the DMEM culture media were removed and the cell plate in uniform monolayer was washed twice with 200 µL of 0.1 M PBS buffer solution, added of 200 µL 5% FBS medium and the cells were incubated in oven at 37°C and 5% CO 2 from 20 to 30 min. Then, the DMEM-5% FBS medium was discarded and the cells were exposed to 100 µL of test-compounds and incubated for 24 h in oven at 37°C and 5% CO 2. Subsequently, the test-compounds were removed and the cells washed with 0.1 M PBS (phosphate buffered saline, 200 µL), followed by inoculation of 50 µL MTT (Thiazolyl Blue TetrazoliumBromide, MTT, Sigma) solution (1 mg/mL) and incubation in oven at 37°C and 5%, CO 2 for one h.
After this period, the MTT was removed and the formazan crystals diluted with 100 µL Isopropanol (Tedia). The cell plate was homogenized for 30 s at 500 RPM and read at an ELISA reader (Thermo Plate, TP-READER) with 570 nm filter. At least two independents triplicate experiments were performed.
Statistical analysis
Sample absorbance data were analyzed by the variance analysis method (ANOVA) with Tukey's post-test test, pairwise comparison, with statistical significance of p<0.05 through graph Pad Prisma 5 software.
All experiments were performed in triplicate and repeated at least two times. Normalized data were analyzed by a one-way analysis of variance (ANOVA) and differences between groups were assessed with the Tukey's post-test test. We used the software GraphPadPrism 5.0, and values of p<0.05 were considered significant.
RESULTS
The objective of the cytotoxicity tests was determining the cytotoxicity index (CI) of BACCOR inoculation vehicles to evaluate their biocompatibility. CI was calculated from the absorbance value of each sample of test-compound compared to the value of the positive control (non-exposed cells). The MTT test using L929 cell line revealed severe cytotoxicity with the highest values for MCP-E mod (CI=63.14%), MCP-C w/Ag (CI=71.38%) and MCP-C 4.0 g/L Ag (CI=75.05%), while MCP-E w/Ag was biocompatible (CI=48.02%), classified as moderate cytotoxic (ISO 10993-5, 2009 ). When Cytotoxicity index against L929 cell line. L929 cells (1×10 4 ) exposed to the compounds for an incubation period of 24 h. The columns represent the mean of at least two independent experiments performed in triplicate. diluted, all the vehicles showed biocompatibility with L929 cell lines, and were classified between slightly and moderate cytotoxic (ISO 10993-5, 2009), as shown in Fig. 1 and correlated with the obtained images (Fig. 2) . Fig. 3 and correlated with the obtained images (Fig. 4) . Among the non-diluted and 20× (C and D) magnification. Cell monolayer before the exposure of the cells to the compounds (A), cultured in DMEM 5% FBS (B), exposed to the Postgate E culture medium without Agar-agar diluted in DMEM 5% FBS (1:1) (C) and exposed to non-diluted Postgate E culture medium without Agar-agar (D).
compounds, MCP-E w/Ag obtained the best result (CI=28.72%), followed by MCP-C w/Ag (CI=36.42) and MCP-4.0 g/L (CI=38.31%).
The results of the variance analysis (ANOVA) with Tukey's post hoc test of Vero cell line did not present statistically significant differences (p<0.05), between groups.
DISCUSSION
The International Organization for Standardization 9) , recommends the use of at least two cell lineages during the development of medical and dental devices. In this study, we used the L929 cell line because they are the most common cells of the conjunctive tissue and the predominant element of the gingival conjunctive tissue, allowing obtaining results adequate for the evaluation of BACCOR clinical use, and the Vero cell line, because it is the standard line for cytotoxicity tests of biomaterials 10) . The cytotoxicity evaluation utilizing L929 cell line has been reported in study with different endodontic biomaterials, such as mineral trioxide aggregate (MTA), calcium enriched mixture (CEM) 11) , endodontic resin cement and cement based on calcium hydroxide and calcium phosphate 12, 13) . In addition, there are reports using Vero and L929 cells line with other kind of biomaterials 14, 15) . Besides being an alternative to the use of animal models, in vitro cytotoxicity tests provide strictly controlled experimental conditions, with a more efficient and economical experimental design both, financially and in relation to the time spent in the study 16) . Comparing the CI of both cell lines, the vehicles (MCP-E mod, MCP-E w/Ag, MCP-C w/Ag and MCP-C 4.0 g/L) demonstrated biocompatibility in both DMEM high glucose diluted conditions (1:1 and 1:2). The tests with Vero cell line showed better results (there was cell growth) than those with L929 cell line (results not shown). Regarding cell line, Zhou et al. 15) found better results when tested your biomaterial in Vero cell line than L929 cell line. Exposure to the non-diluted vehicles proved that only MCP-E w/Ag was biocompatible, with moderate toxicity 10) , for both cell lines, because it presented greater cell viability than the other nondiluted vehicles.
In fact, it is very difficult to obtain a completely inert material in relation to the organism. Jorge et al. 17) reported several cytotoxic effects of acrylic resins present in dental prosthesis, causing allergic stomatitis, local chemical irritation and hypersensitivity. Most of endodontic cements have cytotoxic response, releasing lixiviation products over time through the dentinal tubules and accessory canals [18] [19] [20] . Other materials used in endodontic treatment are also reported as with moderate or severe cytotoxicity. These materials include 0.5, 1.0, 2.5 and 5.25%, sodium hypochlorite, formocresol, tricresol formalin and formaldehyde, as well as diverse materials employed in retrofilling procedures such as amalgam and MTA (Mineral Trioxide Aggregate) 19, [21] [22] [23] [24] . Sealers based on zinc oxide and eugenol, silicone, glass ionomer, and resins are indicated as cytotoxic, while epoxy-based sealers are highly cytotoxic and cements of zinc oxide and eugenol associated to paraformaldehyde are both, cytotoxic and mutagenic. Sealers based on calcium hydroxide are the only ones that have not presented cytotoxic reactions 18) . Postgate medium 1:2 and 1:1 dilutions did not present toxicity against L929 cell line. However, 1:1 and 1:2 dilutions and non-diluted MCP-E w/Agar showed the best results for L929 cell line, when compared to the other groups at the same dilutions. On the other hand, the readings of cell viability when Vero cell line was exposed to 1:2 and 1:1 dilutions of the compounds in DMEM high, extrapolated, presenting higher cell viability than the control group. However, the most expressive result with this cell line was observed when it was exposed to non-diluted MCP-E w/Ag (CI=28.72%), i.e., moderate cytotoxicity similar to that obtained with L929 cell line.
The results obtained suggest an inverse relationship between Agar-agar presence in the test-compounds and cell viability of L929 and VERO cell lines. Non-diluted, pure, MCP-C 4.0 g/L Agar presented severe cytotoxicity against L929 cell line, (CI=75.05%) with statistically significant difference with 1:1 and 1:2 diluted MCP-E w/ Ag. In addition, 1:1 and 1:2 dilutions of MCP-C 4.0 g/L Agar were the test-compounds that showed the lowest cell viability when compared to the other compounds at the same conditions. A statistically significant difference was also observed between non-diluted, pure MCP-C w/ Ag and 1:1 and 1:2 dilutions of MCP-E w/Ag. Also, the 1:1 and 1:2 dilutions of MCP-C w/Ag showed lower results of cell viability when compared to the same dilutions of MCP-E. These results suggest higher cytotoxicity of MCP-C when compared to MCP-E. On the other hand, MCP-E mod showed lower cell viability when compared to the same concentrations of MCP-E w/Ag, with statistically significant difference between non-diluted MCP-E mod and 1:1 MCP-E w/Ag and the 5% DMEM positive control. This suggests that the presence of Agaragar in MCP-E mod is the triggering cytotoxic element, since MCP-E mod and MCP-E w/Ag, differ only by the presence of Agar-agar.
On the other hand, the tests with Vero cell line, showed that the presence of Agar-agar in the vehicles was not determinant when the test-compounds were diluted, however when the non-diluted vehicles were used, the vehicles that contained Agar-agar: MCP-E mod (CI=65.50%) and MCP-C 4.0 g/L Ag (CI=38.31%) showed the smallest cell viability among the testcompounds. Dilutions of MCP-C w/Ag showed cell viability close to or lower than MCP-E dilutions, as verified for L929 cell line. Also, the higher cell viability of MCP-C w/Ag when compared to MCP-C 4.0 g/L corroborates agar-agar possible cytotoxic action. However, 1:2 diluted MCP-C 4g/L Ag presented higher cell viability than the other vehicles at the same condition. This fact was not understood.
These results may be elucidated by Jorge et al. 17) who reported that when the test is performed by direct contact of an insoluble or solid biomaterial with the cells, cell growth inhibition might occur as a consequence of the physical contact and not because of the release of toxic substances. Thus, the results suggest that the presence of Agar-agar may have a direct negative influence on the cell viability of the cell lines used. To avoid result modification due to cell growth inhibition, we opted for dilutions of the test-compounds to obtain a cytotoxicologic response closer to the clinical condition, which is confined to the root conduct, with no direct contact with the cells of the periodontal system. For over 30 years, cell cultures have been used to investigate cytotoxic reactions induced by endodontic materials offering the possibility of studying the effects of the release of these components on cell systems 22) . The antimicrobial substances used in endodontic infection treatment are also toxic to living cells. This is due to the nonexistence of a property selective to bacteria, which prevents conciliating the different actions of an endodontic material such as antimicrobial action, tissue solvent or chelator with biological biocompatibility 23) . In addition, in vitro cytotoxicity assays are distant from in vivo assays due to the interaction between the material and the tissue, which depends on the biological interrelation between the resident cells of the tissue in contact with the material and cells that migrate to the contact place 25) . Thus, the cell culture system presents drawbacks, such as the fact of being performed with only one cell type, preventing the action of the immune system and/or the interaction with other cell types, besides the fact that most laboratory cell lines present reduced physiological responses 26, 27) . In addition, the endodontic materials are intended to be used confined inside the root canal, coming into contact with the periapical tissues by extrusion through the apex or by lixiviation 22) . Therefore, initial cytotoxicity tests can present limitations when correlated with the clinical situations, however they are valid to determine the biological behavior of the materials and/or their components 17, 23, 25) . The finding of the current study in conjunction with previous results that demonstrated biocorrosion of SRB on endodontic files 28) , besides the fact that this group of bacteria can be found in oral microbiota of healthy patients 29, 30) contribute to the probable clinical aplication of this biopharmaceutical product (BACCOR) for dental use.
CONCLUSIONS
From the results obtained, we concluded that the presence of Agar-agar, in the different Postgate culture media seems to be the common denominator responsible for the cytotoxic effect on the cell lineages. The best result for non-diluted vehicles was obtained with MCP-E w/Ag and its dilutions when L929 cell line was exposed. However, the only difference between this medium and MCP-E mod, which remained always in worse positions, is the absence of Agar-agar. Better results were also obtained when exposing both cell lines to pure nondiluted MCP-C w/Ag than to MCP-C 4.0 g/L Ag. Again, Agar-agar presence is the only difference between these culture media. Therefore, MCP-E w/Ag is the vehicle of choice for the development of the biopharmaceutical product BACCOR, because it presented biocompatibility with the cells used in this study.
